Two new C-scorpionate ligands with a bis(3,5-dimethylpyrazol-1-yl)methyl group bound to the 3 position of either an N-tosyl ( 
Introduction
Scorpionate ligands, which originally referred to Trofimenko's tris(pyrazolyl)borates, Tp x , (1) are ubiquitous in modern coordination chemistry. The "scorpionate" moniker is also used to classify other facial trichelating ligands (1b) such as Reglinski's tris(thioimidazolyl)borate, Tm R (aka "soft" scorpionates), (2) and C-scorpionate counterparts such as tris(pyrazolyl)methane, Tpm x , (3) and tris(pyrazolyl)methanesulfonate, Tpms. (4) The chemistry of silver(I) scorpionates has seen tremendous growth in the last 15 years, ever since the subject was first reviewed. (5, 6) At the time of the 2004 review, the chemistry of these derivatives was still in its infancy because first-generation scorpionates with B-H bonds had a proclivity for reducing silver(I) to the metal. It was learned in the late 1990s that silver reduction could be slowed by increasing the steric bulk on the pyrazolyls, by removing B-H bonds, and/or by introducing electronwithdrawing groups on the pyrazolyl rings. (6) Intensified interest in silver(I) scorpionates began with early reports from the Dias group that showed that the fluorinated scorpionate complex, AgTp (CF 3 C═C bonds (Büchner reaction), (8) and aliphatic C-H bonds. (9) Further inciting interest were reports from the Pérez group that showed that AgTp x complexes catalyzed a variety of transformations (6) such as carbene insertion into alkane C-H bonds, (10) Si-H bonds, (11) and C-X (X = Cl, Br) bonds (12) or were used for the cross-coupling of diazo compounds. (13) Moreover, diverse AgTp x -catalyzed nitrene-transfer reactions have been discovered such as aziridination of alkenes (14) and dienes, (15) amination of alkanes, (16) and unexpected N-N bond formations. (17) More recently, other silver scorpionates, such as Huang's Ag(PPh3)( Ph Tm) (18) and Perez's Ag[PhB(CH2PPh2)3](PPh3), (19) were also found to catalyze the aziridination of styrene, albeit in much lower yields than the analogous copper complexes.
In contrast to the AgTp x and other anionic B-scorpionates, the reaction and catalytic chemistry of AgTpms (20) or [Agn(Tpm x )m] + (21, 22) remains largely unreported. The chemistry of [Agn(Tpm x )m] + compounds lagged behind the Tp x derivatives in part because of difficulties in the original ligand synthesis, (23) which were only resolved in 1984 by Elguero and coworkers. (24) Large-scale syntheses and subsequent functionalization chemistry of tris(pyrazolyl)methanes were then introduced in 2000. (25) These breakthroughs opened the door for countless new variations including Tpms. (4) Given the remarkable achievements reported by various groups in the use of silver complexes of charge-neutral nitrogen donors to effect both aziridination and amination reactions, (24-29) similar chemistry might be expected for tris(pyrazolyl)methanes but, surprisingly, has not yet been reported for this metal. (30) Our group has recently introduced a new class of tris(pyrazolyl)methanes, the nitrogenconfused C-scorpionates, (31) where one of the three pyrazolyl rings is bound to the central methine carbon atom via a pyrazolyl ring carbon atom rather than the more usual nitrogen atom (Figure 1 ). With this mode of linkage, easy access to variable steric and electronic properties of the ligands can be gained by any variety of simple nitrogen protection and deprotection reactions. Importantly, by a suitable choice of the confused pyrazolyl's X group, it should be possible to promote favorable supramolecular interactions in the second coordination sphere of a complex to either guide crystallization or facilitate reactions. In this contribution, the preparation of new nitrogen-confused C-scorpionate ligands with two "normal" pz* groups (=3,5-dimethylpyrazol-1yl) and a "confused" pyrazolyl with either N-H, H L*, or NTosyl (Tosyl = p-toluenesulfonyl), Ts L*, bound to a central methine carbon atom is described. These bulky ligands complement those previously described, H L and Ts L, which had less bulky, unsubstituted, "normal" pyrazol-1-yls. For these four related nitrogen-confused scorpionate ligands, the 2:1 and 1:1 ligand/silver complexes are prepared and characterized both structurally and spectroscopically. The complexes' stoichiometric reactivity and catalytic activity for aziridination of styrene are also reported. 
Experimental Section
General Considerations The compounds (p-CH3C6H4SO2═Ts)pzC(O)H, Ts pzCHpz2 ( Ts L), and H pzCHpz2 ( H L) were prepared as described previously. (31) The compound O═C(pz*)2 was prepared by the literature method. (32) Anhydrous CoCl2, AgOTf (OTf = trifluoromethanesulfonate), Mn(CO)5Br, Fe, Fe(OTf)2, FeCl2, PhI(OAc)2, H2NTs, and styrene were purchased from commercial sources and used as received. Anhydrous Fe(OTf)2, CoCl2, and AgOTf were stored under argon in a drybox. Commercial solvents were dried by conventional means and distilled under a nitrogen atmosphere prior to use. The silver(I), manganese(I), and iron(II) complexes were prepared under argon using Schlenk-line techniques, however, after isolation, were stored and manipulated under normal laboratory atmospheric conditions, unless otherwise specified (see the Nitrene-Transfer Catalysis section).
Silver Complexes
General Procedure A solution of a given ligand (ca. 0.5-2.0 mmol) in 10 mL of THF was added to a solution of AgOTf (1 or 0.5 equiv) in 10 mL of THF by cannula transfer. The flask originally containing the ligand was washed twice with 2 mL of THF, and the washings were transferred to the reaction medium to ensure quantitative transfer of the reagent. After the mixture had been stirred overnight for 14 h, the colorless precipitate was collected after cannula filtration, washing the solid with two 2 mL portions of Et2O and drying under vacuum for 30 min. The quantities of the reagents used and of the products obtained and characterization data for each of the eight new compounds are given below. An alternative workup in the case where no precipitate was observed (complex 4b) is also described.
[Ag( Ts L*)](OTf) (1a) A mixture of 0.306 g (0.721 mmol) of Ts L* and 0.185 g (0.720 mmol) of AgOTf gave 0.333 g (68%) of 1a as a colorless solid after drying under vacuum at 100 °C for 4 h. 
Reactions General Procedure for the Preparation of Tricarbonylmanganese(I) Complexes
Under an argon atmosphere and with exclusion of light (aluminum-foil-wrapped apparatus), a mixture of Mn(CO)5Br and [Ag(L)](OTf) (1 equiv) in 10 mL of CH3CN was heated at reflux for 3 h, during which time a precipitate formed. The solution was filtered, CH3CN was removed under vacuum, and the yellow residue was washed with two 2 mL portions of Et2O and dried under vacuum. The yellow solids are slightly light-sensitive, so they are best stored in the dark (aluminum-foil-wrapped vials). The quantities of reagents used and of the products obtained and characterization data for each of the four new compounds are given below.
[fac-Mn(CO)3(TsL*)](OTf) (5) [Fe(HL)2](OTf)2 (9) Method A. A solution of 0.250 g (1.17 mmol) of H L in 10 mL of THF was added to a solution of 0.207 g (0.585 mmol) of Fe(OTf)2 in THF under argon. A yellow-orange solid initially precipitated but changed pink within 30 min. After the resulting pink suspension had been stirred for 16 h, THF was removed by cannula filtration and the solid was washed with 5 mL of Et2O then dried in a 140 °C oven for 2 h to give 0.341 g (75%) of 9 as a pink powder. Purple single crystals suitable for X-ray diffraction were grown by vapor diffusion of Et2O into a solution of 15 mg of 9 in 1.5 mL of MeOH. Characterization data listed below are for crystals or dissolved crystals.
Method B.
A solution of 0.205 g (0.434 mmol) of 4a in 10 mL of MeOH was added to an argon-purged solution of 0.0275 g (0.217 mmol) of FeCl2 in 10 mL of H2O. Upon mixing, a purple solution and colorless precipitate formed. After the mixture had been stirred for 45 min, the precipitated AgCl was removed by filtration and solvent was removed from the filtrate under vacuum to leave 0.150 g (89%) of 9 as a pink-purple powder.
Method C. A mixture of 0.0500 g (0.106 mmol) of 4a and 0.0030 g (0.053 mmol) of Fe 0 powder in 8 mL of CH3CN was heated at reflux for 14 h with vigorous stirring. The resulting pink solution was separated from the metallic residue by cannula filtration. The residue was washed with two 2 mL portions of CH3CN. After removing the solvent from the combined CH3CN soluble fractions by vacuum distillation, a purple solid remained. The solid was dissolved in 1 mL of MeOH, and the solution was subjected to Et2O vapor diffusion over 2 days. The mother liquor was decanted from the so-formed red-purple crystals. The crystals were washed with Et2O and were dried under vacuum for 30 min to give 0.028 g (53%) of 9 as red-purple crystals.
Characterization Data for 9
Mp: colorless by 110 °C; did not melt below 250 °C. Anal. Calcd (found) for C22H20N12F6FeO6S2: C, 33 
Catalytic Aziridination
To ensure reproducibility, AgOTf and other silver(I) complexes to be used as catalysts were dried at 100 °C under vacuum for 2 h prior to use.
General Procedure
A 0.5 g sample of activated 4 Å molecular sieves and a Teflon-coated magnetic stir bar were added to a Schlenk flask under an argon blanket. The flask was flame-dried under vacuum, then backfilled with argon, and allowed to cool to room temperature. Next, the silver catalyst (0.020 mmol), 0.171 g (1.00 mmol) of tosylamine, and 0.322 g (1.00 mmol) of PhI(OAc)2 were added under an argon blanket. The reaction flask was subjected to three evacuation and argon backfill cycles. Next, 4 mL of dry distilled CH3CN was added by syringe. The reaction flask was placed in an oil bath maintained at 80 °C and allowed to equilibrate for 15 min. Then, 0.57 mL (0.521 g, 5.00 mmol) of styrene was added by syringe, at which time the solution changed color to orange or, in some instances, orange-brown. After the reaction mixture had been stirred at 80 °C for 16 h, it was filtered through a sintered glass frit. The solid residue was washed with two 2 mL portions of CH3CN. Next, between 25 and 30 mg of bis(trimethylsilyl)benzene was added to the solvate as a nonvolatile NMR standard, and solvent was removed by rotary evaporation to leave a brown-orange oily residue. The residue was separated by column chromatography on silica gel by first flushing with hexanes to remove the first fraction (which moves with the solvent front) that contains the NMR standard and iodobenzene. The eluent was then changed to 4:1 (v/v) hexanes/EtOAc. The next (second) fraction (Rf = 0.7) was a diastereomeric mixture of 2,4-diphenyl-N-tosylpyrrolidine, (36) and the third fraction (Rf ∼ 0.4) contained the desired aziridine. The excess H2NTs and an unidentified brown product remained in the column (but could be eluted with MeOH if desired). The yields of aziridine are the average of a minimum of three catalytic runs.
Crystallography X-ray intensity data from a colorless needle of 1a, a colorless plate of 1b, a colorless prism of 1b·MeOH, a colorless needle of 2a, a colorless irregular block of 2b, a colorless prism of 3a, a colorless plate of 3b, a colorless plate of 4a, a yellow plate of 6, a yellow prism of 8, and a pink prism of 9 were each collected at 100.0(1) K with an Oxford Diffraction Ltd. A Supernova diffractometer equipped with a 135 mm Atlas CCD detector using Cu Kα radiation for the data of 1a, 1b·1.5CH3CN, 1b·CH3OH, 3b, 4b·acetone·H2O, 8, and 9 was used, while Mo Ka radiation was used for the other experiments. Raw data frame integration and Lp corrections were performed with CrysAlisPro (Oxford Diffraction, Ltd.). (37) 1a, 1b·1.5CH3CN, 1b·MeOH, 2a,  2b, 3a, 3b, 4a, 4b·acetone·H2O, 6, 8 , and 9, respectively, with I > 2σ(I) for each. Analysis of the data showed negligible crystal decay during collection in each case. Direct-method structure solutions were performed with Olex2.solve, (38) while difference Fourier calculations and full-matrix least-squares refinements against F 2 were performed with SHELXTL. (39) Numerical absorption corrections based on Gaussian integration over a multifaceted crystal model were applied to the data for each of the complexes except for 9, which employed a multiscan empirical absorption correction using spherical harmonics, as implemented in the SCALE3 ABSPACK scaling algorithm. All non-hydrogen atoms were refined with anisotropic displacement parameters. Hydrogen atoms bond to nitrogen atoms in the structures 3a, 3b, 4a, 4b·acetone·H2O, 8, and 9 were located and refined, whereas all other hydrogen atoms were placed in geometrically idealized positions and included as riding atoms. The X-ray crystallographic parameters and further details of data collection and structure refinements are given in Tables S1-S3 . Special details: The crystal of 3b was a nonregular twin with a 2:1 component ratio, where component 2 was rotated by 5.441° around [0.59 0.68 0.43] in reciprocal space. The structure of 4a shows polymeric chains along z that possess strong quasi-symmetry: a 2-fold axis through ions Ag1 and Ag2 results in a higher centrosymmetric pseudosymmetry of the crystal, P2/c. However, an attempt at refinement in the centrosymmetric space group resulted in a much higher R ∼ 13%, whereas refinement as a racemic twin (with a 31:69 component ratio) in space group Pc gave R = 6.8% [Flack parameter, 0.00 (16)]. Therefore, the noncentrosymmetric model was chosen. The crystal of 4b·acetone·H2O was a nonregular twin with a 2:1 component ratio and a 2.38° rotation around [−0.97 0.18 0.16] (reciprocal space). The structure of 9 represents a regular quasi-merohedral (pseudoorthogonal) twin (rotation 180° around x) with a 61:39 component ratio.
Results and Discussion
The new nitrogen-confused scorpionate ligands, Ts L* and H L*, each with two 3,5-dimethylpyrazolyl groups and either an N-tosyl or a N-H moiety, respectively, were prepared in a manner similar to that reported (31) for the parent ligands (with two unsubstituted pyrazol-1-yl groups), as summarized in Scheme 1. That is, the CoCl2-catalyzed Peterson rearrangement (40) between N-tosyl-3-carboxaldehydepyrazole and an excess of bis(3,5-dimethylpyrazol-1-yl)carbonyl in toluene gave the desired ligand, Ts L*, in high yield. Excess O═C(pz*)2 is required for high yield because the reaction with only 1 equiv consistently gave 63(±2)% yield after purification. The alternative use of O═S(pz*)2 in THF (like that used in the synthesis of Ts L) in place of O═C(pz*)2 in toluene gave lower yields (ca. 60%), presumably due to steric issues that required higher reaction temperature. Deprotection of Ts L* by aqueous base proceeded smoothly to give H L* but required longer reaction time than deprotection of Ts L (45 min versus 10 min), as indicated by thin-layer-chromatography monitoring. In contrast to the parent deprotected ligand, H L, which required extensive extraction, H L* is much less soluble in H2O, so extraction and subsequent purification were uncomplicated. The N-tosyl ligands give characteristic IR bands near 1380 and 1180 cm -1 for antisymmetric and symmetric S-O stretches, respectively. The IR spectra for H L and H L* show weak bands for N-H stretches at 3430 and 3450 cm -1 , respectively. (41) For these latter ligands in CD3CN, the 1 H NMR resonance for the N-H group appears as a broad singlet downfield near 11.3 ppm, a region similar to that found for other pyrazoles. With the four ligands in hand, their 1:1 (Scheme 2) and 2:1 (Scheme 3) L/Ag(OTf) complexes were prepared in high yields by mixing THF solutions of the appropriate ligand (1 or 2 mol equiv) and 1 equiv of the silver salt and collecting the precipitate by filtration. All of the silver complexes are light-stable colorless solids. Most are air-stable, but 3b and 4b readily absorb adventitious H2O, so care must be taken if one wants anhydrous complexes. Each complex is soluble in many Lewis basic organic solvents, with the exception of Et2O (insoluble) or THF (slightly soluble), and has modest solubility in CHCl3 or CH2Cl2. Vapor diffusion of Et2O into either CH3CN or CH3OH solutions of the various complexes afforded X-ray-quality single crystals in most cases except for 4b, for which evaporation from acetone/H2O mixtures gave the mixed solvate. 
Solid State
Views of the structures of the various silver complexes are provided in Figures 2-7 and S1-S12. More complete details of the supramolecular structures that show three-dimensional organization by weak charge-assisted hydrogen bonding between the triflate anion and acidic hydrogen atoms of the cations in each compound are given in the Supporting Information. As illustrated in Figure 2 , 1a features four-coordinate silver as a result of binding to the tridentate, κ 3 N, ligand and a triflate oxygen. Noteworthy is the fact that while the Ag-N bond of tosylpyrazolyl is nearly 0.1 Å longer than those of the other pyrazolyls (Table 1) , the average Ag-Npz distance of 2.37 Å is firmly in the 2.3-2.4 Å range for other four-coordinate silver pyrazolyl complexes (42) including {[κ 3 -(3-tBupz)3CH]Ag}(OTf) (avg 2.38 Å) (22a) and {[κ 3 -(3-Phpz)3CH]Ag(CH3CN)})BF4 (2.36 Å). (22b) The three pyrazolyls are also disparately twisted, as quantified by either the Ag-N-C-Cmeth torsion angle of the "confused" pyrazolyl (4°, here) or the Ag-N-N-Cmethine torsion angles of the "normal" pyrazolyls (6 and 18° for rings containing N11 and N21, respectively). The Ag-O distance [Ag-O3 2.224(2) Å] is among the shortest known for silver triflate complexes; it is shorter than relatives such as {Ag[C6H5CH2OCH2Cpz3]}OTf (2.343 Å), (43) [Ag(4-MeO-2,6-pz*2-triazine)]OTf (2.292 Å), (44) and Ag[HC(pz 3tBu )3]}OTf (2.264 Å) (22a) and is between the distances found in {Ag2(μ2-4,13-dibenzyl-4,13-diaza-18-crown-6)}(OTf)2 [2.252(3) and 2.215(3) Å]. (45) The bond angles about silver in 1a give a τδ parameter (46) of 0.61 near the border of a distorted sawhorse coordination geometry (τδ = 0.63-0.45) and a distorted tetrahedral geometry (τδ = ∼0.9-0.63). O3-Ag1-N21 138.16(7) N21-Ag1-O3 85.92 (7) O1-Ag1-N51 85.39(9) N21-Ag2-N32 138.86 (9) N2-Ag1-N11 80.90(6) N2-Ag1-N41 135.99 (9) N2-Ag1-N21 77.27(6) N2-Ag1-N51 141.51 (9) O3-Ag1-N2 127.21(6) N11-Ag1-N21 154.09(8) O1-Ag1-N2 96.08(9) N11-Ag2-N21 82.83 (9) N11-Ag1-N21 80.61(6) N41-Ag1-N51 80.63 (9) Complex 2a exists as a dimer with inversion symmetry as a result of two ligands that sandwich two closely spaced silver centers [Ag···Ag separation 3.0588(4) Å; Figure 3 ]. The μ-κ 1 ,κ 1 ligands act in a manner where the two "normal" pyrazolyls on each ligand bind to two different silver centers with Ag-N11 of 2.182(2) Å and Ag-N21 of 2.232(2) Å. The average Ag-N distance of 2.207 Å is much longer than the 2.10-2.14 Å range found for two-coordinate silver bound to pyrazolyls (42) and is at the lower end of the 2.2-2.3 Å range for three-coordinate silver. The tosyl-protected "confused" pyrazolyl is highly twisted ("pz twist" = 76°) such that the very long Ag-N2 distance of 2.672 Å is probably better described as an Ag−π secondary interaction rather than a σ-bonding interaction. As a comparison, the "pz twists" of the "normal" pyrazolyls (here, with shorter Ag-N bonds) are 19° for the ring with N21 and 55° for the ring with N11. Instead, the coordination sphere about each silver center is completed by interaction with an oxygen atom of a triflate anion, Ag···O3 = 2.586(2) Å, which is within the ca. 2.07-2.75 Å range (average Ag···O distance = 2.48 ± 0.13 Å) found for other complexes of silver triflate. (47) Figure 3. Views of the structure of 2a with hydrogen atoms removed for clarity: (left) asymmetric unit with atom labeling; (right) dimeric unit. Figure 4 shows the dimeric structure of 3a, while Table 1 gives selected interatomic distances and angles. As opposed to dimeric 2a, which had μ-κ 1 ,κ 1 ligands with an unbound "confused" pyrazolyl, the dimer in 3a is constructed of two bridging μ-κ 2 ,κ 1 ligands sandwiching two silver atoms. Here, the two dimethylpyrazolyl rings chelate one silver center, while the confused pyrazolyl binds the second proximal silver to give a short Ag···Ag separation of 2.8271(4) Å (compared to twice the van der Waals radii of silver = 3.44 Å). The ligands are arranged such that each silver is bound to one "confused" pz nitrogen and to two pz* nitrogen atoms. Two triflate anions are also affixed to the dimer by short hydrogen bonds involving the confused pyrazolyl's N-H groups (N1-H1n···O2 = 1.935 Å; N31-H31n···O4 = 1.897 Å). The triflate anion with O1 also forms a long bond with silver (Ag1-O1 = 2.724 Å), but the other triflate is not bound; the closest contact to Ag2 is with O4 at 3.632 Å. The disparity in the anion binding sites is responsible for the longer average Ag-N distance involving Ag1 (2.278 Å) than Ag2 (2.254 Å), distances that straddle the borderline demarcating three-or four-coordinate silver pyrazolyl complexes.
Complex 4a crystallizes as a one-dimensional coordination polymer that propagates along the c axis as a result of bridging ligands that bind neighboring silver centers ( Figure 5 ). The ligands show a μ-κ 2 ,κ 1 N binding mode, where the chelating portion of the ligand is composed of the "normal" pyrazolyls, while the unidentate portion involves the "confused" pyrazolyl. These ligands are arranged so as to alternate AgN4 and AgN2 kernels (i.e., one silver is bound to the chelating portions of two ligands, while the other silver is bound to two κ 1 N-"confused" pyrazolyl nitrogen atoms). Selected bond distances and angles are given in Table 2 . The average Ag-N distances of 2.299 and 2.321 Å for Ag3 and Ag4, respectively, are clearly indicative of four-coordinate silver, whereas those of 2.153 Å for Ag1 and 2.162 Å for Ag2 are between the ranges usually found for two-and three-coordinate silver pyrazolyls. Inspection of the coordination sphere about silver reveals two long Ag-O interactions on each silver center: one that is below the 2.75 Å Ag-O bonding limit (Ag1-O7 = 2.734 Å and Ag2-O4 = 2.719 Å) and one that is just above the limit (Ag1-O10 = 2.756 Å and Ag2-O1 = 2.767 Å). If the longer Ag-O distance were considered a secondary contact, then Ag1 and Ag2 would both be threecoordinate. Then, because Ag1 sits 0.084 Å out of the O7-N2-N2a plane, the four atoms form an acute triclinic pyramid (based on a 3% folded T), while the planar Ag2-N2b-N2c-O4 unit represents a slightly distorted T-shape (or, more specifically, a γ-constricted near-closed Y). (48) The "confused" pyrazolyl's N-H group serves as a hydrogen-bond donor to triflate oxygen atoms to further secure triflate ions to the chain and between chains to assemble the supramolecular structure ( Figure S8 ). Figure 5 . Portion of the structure of 4a with partial atom labeling. Most hydrogen atoms are removed for clarity, and thermal ellipsoids are shown at 30% probability. The structures of the diligated [Ag( x L)2](OTf)·n(solvate) complexes, 1b·1.5CH3CN, 1b·CH3OH, 2b, 3b, and 4b·acetone·H2O (Scheme 3), were determined, and those of the latter two complexes are given in Figures 6 and 7 , while the others are provided in the Supporting Information. Selected bond distances and angles in four of the five complexes are summarized in Table 3 ; the data for 1b·CH3OH are nearly identical with those of the acetonitrile solvate, so they are given in the Supporting Information. Each has four-coordinate silver as a result of the metal binding to the nitrogen atoms of the "normal" pyrazolyl rings; the "confused" pyrazolyl ring of each ligand is not bound to the metal center. The average Ag-N distances are quite similar across the series and are in the expected range for four-coordinate silver(I) pyrazolyl complexes: 2.33 Å in each solvate of 1b, 2.31 Å in 2b, 2.34 Å in 3b, 2.35 (Ag1) and 2.36 Å (Ag1a) in the two symmetry-independent units of 4b·acetone·H2O. The shapes of the AgN4 coordination polyhedra are also similar, as can be gleaned from examination of their bond angles and associated τδ values: τδ = 0.56 for both solvates of 1b and for 3b, τδ = 0.71 for 2b, and τδ = 0.63 (Ag1) or 0.59 (Ag1a) for the independent units in 4b·acetone·H2O. All of these values are within the ranges for either a distorted tetrahedral (τδ = ∼0.90-0.63) or a distorted sawhorse (τδ = ∼0.63-0.45) geometry. (46) The unbound "confused" pyrazolyls in each complex involve disparate noncovalent interactions that help to differentiate the supramolecular structures. The SO groups of the tosyl unit in each solvate of 1b (rather than of the triflate) are hydrogen-bonded to the methine hydrogen atoms of the neighboring cations to help to organize the three-dimensional extended structure ( Figures S2 and S3 ). In contrast, the low steric profile of the normal pyrazolyls in 2b allows contact between the triflate anion and the acidic methine hydrogen atom and relegates the tosyl SO groups to associate with acidic pyrazolyl ring hydrogen atoms in the assembly of the three-dimensional supramolecular structure ( Figure S4 ). The two "confused" pyrazolyl arms in 3b are involved in different hydrogen-bonding interactions (right of Figure 6 ). First, one "confused" pyrazolyl acts as a hydrogen-bond donor to a triflate oxygen acceptor (N1-H1n···O1, 2.088 Å, 153°). The second "confused" pyrazolyl acts as a hydrogen-bond donor to a nitrogen atom (N1a-H1na···N2′, 1.984 Å, 168°) of the triflate-bonded confused pyrazolyl ring on a neighboring complex to form a hydrogen-bonded dimer (Figure 6 , right). Such an interaction positions the triflate ion in close van der Waals contact with the pz* ring hydrogen atom and one of the methyl hydrogen atoms on the neighboring complex (C12-H12···O2, 2.793 Å, 140°; C10-H10b···O1, 2.788 Å, 143°), further securing the dimer. The "confused" pyrazolyls in 4b·acetone·H2O participate in hydrogen-bonding interactions with analogous rings on a neighboring cation to give a C2-symmetric dimer (right of Figure 7 ). The triflate ions are hydrogen-bonded to the methine hydrogen atoms on one cation with Ag1 (C4-H4···O2, 2.215 Å, 162°), while the acetone solvate is weakly hydrogen-bonded to the methine hydrogen atoms on the other cation (C4a-H4a···O4, 2.411 Å, 147°). The solvate H2O serves as a hydrogen-bond donor to a triflate oxygen atom on one dimer (O5-H5b···O1 2.001 Å, 171°) and the acetone oxygen atom (O5-H5a···O4, 2.133 Å, 152°) of an adjacent dimer to help organize the three-dimensional supramolecular structure ( Figure S9 ). Third, the diffusion-oriented spectroscopy (DOSY) NMR experiments of various metal complexes of the new ligands were acquired at room temperature to provide further insight into their molecularity. Table 4 collects the diffusion constants, the hydrodynamic radii (calculated by using the Stokes-Einstein relation, as detailed in the Supporting Information), and the calculated radii from both X-ray diffraction studies and molecular modeling of the various ionic compounds. The data indicate that the complexes are most likely monomeric in CD3CN at room temperature because the hydrodynamic radii of all silver(I) complexes are similar to one another (even those with dimeric and polymeric solid-state structures) and to those of the kinetically inert monomeric tricarbonylmanganese(I) complexes of the same ligands described later. Next, the number and chemical shifts of the resonances in the NMR spectrum of each compound indicate that the complexes have dynamic solution structures that are different from their solid-state structures. Complexation of the ligands to cationic metal centers is characterized by a downfield shift in the "normal" pyrazolyl ring hydrogen H4 resonances, with respect to those in the free ligands. In every silver complex (and for the inert [Mn(CO)3] + complexes described later), the "normal" pincer pyrazolyls have downfield-shifted H4 resonances and, hence, are silver-bound. For the "confused" pyrazolyl ring in each complex, the chemical shift of the resonance for the H5-ring hydrogen (next to the ring nitrogen's tosyl or N-H group) indicates whether or not this heterocycle is metal-bound. In the spectra of each 3a, 3b, 4a, and 4b (with H L or H L*), the H5 resonance is shifted downfield, indicating that the "confused" ring is bound, whereas in the remaining cases (with Ts L or Ts L*), the chemical shift of this resonance matches that for the free ligand, so the confused ring is likely not bound. Thus, the ligands in 1a, 3b, and 4b have different denticities in solution versus the solid state. It is reasonable that complexes 3b and 4b may be six-coordinate in solution given the sandwich structures of [Ag(κ 3 -Tpm x )2] 2+ and the low energy barrier calculated for κ 2 /κ 3 -[Ag(Tpm)] + interconversions. (49) Considering the DOSY experiments, [Ag(CH3CN)n(κ 2-Ts L x )] + (n = 1-2) would be possible for 1a and 2a (and by analogy for 3a). These formulations do not include a silver-bound triflate because the spectroscopic data for each complex indicates a free (unbound) triflate anion in solution. That is, the 19 F NMR spectrum of each in CD3CN shows only one resonance at −79.3 ppm that matches that for NBu4OTf. It is also noteworthy that the solution IR spectra of each has one set of strong bands in the 1280-1025 cm -1 range for symmetric and asymmetric SO3 and CF3 stretching modes that are characteristic of an unbound triflate anion. (50) Thus, the solution structures of 1a-4a with unbound triflates are different from the solid structures that showed silver-bound triflates. Although the triflate ion is not bound to silver in an acetonitrile solution, there is evidence for ion pairing in most cases, except 4a and 4b, from anomalous upfield shifts in certain hydrogen resonances, as seen with other metal complexes. (51) That is, for complexes 1a, 1b, 3a, and 3b with pz* groups, the resonance for the acidic methine, that for H4 of the "confused" pyrazolyl ring, and that for one set of methyl pz* hydrogen atoms (closest to the methine) are unexpectedly shifted upfield from those in the spectrum of the free ligand. Given the different groups on the confused pyrazolyls and the propensity for triflate to be located near the methine positions of silver poly(pyrazolyl)methane complexes in the solid state, (47) it is likely that these hydrogen atoms are shielded by proximity to a nearby triflate ion. It is noted that the 1 H NMR spectrum of a concentrated mixture of NBu4OTf and each charge-neutral ligand is a simple sum of the individual spectra of the pure components. Because the presence of the triflate does not affect the chemical shift of the charge-neutral ligands, ion pairing is essential for observation of the unusual upfield shifts (charge-assisted weak hydrogen bonding). In 2a and 2b, only the resonance for H4 of the confused ring is significantly shifted upfield. It is unclear why upfield shifts were not observed in the spectrum of either 4a or 4b, which were of concentration similar to those of the other complexes. The simplicity of the 1 H NMR spectrum of 2a also indicates that the static solid-state structure is not retained in solution. If it was retained, then two sets of resonances would be expected because the tosyl pyrazolyl arm points toward one of the "normal" pyrazolyls (see the right side of Figure 3 ) and would differentiate these heterocycles.
Fast free rotation about the Cmethine-C bond of the "confused" pyrazolyl could explain equivalence at room temperature. Again, it was not possible to slow the dynamic behavior in the liquid range of CH3CN. Given the results of the NMR titrations and the DOSY experiment described above, it is most likely that rather than retaining a dimeric solid-state structure, complex 2a likely dissociates to a monomeric structure (eq 1) , which then participates multiple fast dynamic equilibria according to eqs 2-4 . Similarly, the spectrum of 4a is simpler than expected based on the polymeric solid-state structure. There was only one set of sharp resonances for the "normal" pyrazolyls when two sets would be expected if the solid-state structure of 4a remained intact and static in solution (those pyrazolyls in Figure 6 with N11 would be different from those with N21 by proximity to the confused pyrazolyl or to the pseudo-C2 axis that passes through Ag3). In this case, direct dissociation (by breaking the Ag-N bonds on two-coordinate Ag) to give 4b and AgOTf directly (eq 4) or dissociation to monomeric [Ag(CH3CN)n(κ 3 -H L)] + are reasonable possibilities.
Finally, ESI(+) MS spectral data of discrete complexes and coordination polymers of inert metal ions are generally accepted to be representative of solution structures. (52) Electrospray ionization is soft enough that labile complexes, including supramolecular species held together by noncovalent interactions, can also be measured by this technique. (53) The results described here, the extensive studies by the Reger group on the structures, and ESI(+) MS spectra of silver(I) poly(pyrazolyl)methane complexes demonstrate the existence of multiple solution species. (22, 54, 55) For instance, the ESI(+) MS spectrum of a solution of analytically pure 1a, which had a monomeric Ag( Ts L*)(OTf) solid structure, consists of a parent 100% relative abundance peak at m/z 329 for a ligand fragment ( Ts L* -pz*), a lower intensity peak (with 87% relative abundance) at m/z 957 for [Ag( Ts L*)2] + , and a still lower intensity peak (41% relative abundance) at m/z 531 for the expected parent ion, [Ag( Ts L*)] + . Clearly, the [Ag( Ts L*)2] + species could arise from a redistribution reaction (eq 4) or from the self-assembly of fragments that are already present in solution (eq 3) or, less likely, that are generated during ionizing conditions. Unfortunately, the peaks for [Ag(CH3CN)n] + (n = 3, 4) species were not observed in the m/z >200 spectral window. The mass spectrum of 1b differs from that of 1a only by the intensities of the peaks. Given the NMR titration data and the fact that mixtures of crystals are obtained from the crystallization of analytically pure 1a in CH3CN [the solvent also used in ESI(+) MS experiments], the ESI(+) MS data are indeed more likely representative of solution structures partitioned via eqs 2-4 rather than being representative of species generated during or after ionization. The mass spectral data for the remaining silver complexes agree with many (but not all) trends outlined previously by the Reger group on related systems. Thus, the spectra of 2a and 3a, which exhibit dimeric solid-state structures, feature weak-intensity (<30% relative abundance) peaks corresponding to [Ag2L2 There is also a series of higher-intensity (between 5 and 40% relative abundance) peaks for dimeric monocationic species such as [Ag2( H L)2(OTf)] + as well as disilver fragments [Ag2L(X)] + (X = Cl, OTf). These peaks are rather unexpected because Reger had indicated that, in the cases of silver(I) poly(pyrazolyl)methanes with polymeric solid-state structures, peaks for dimeric units were notably absent. (54a, 54c) It may be possible that crystallization under different conditions may lead to a yet-to-be-discovered dimeric form of 4a. As with the other three [AgL] + complexes, the most abundant peaks in the mass spectrum of 4a were for [Ag( H L)2] + (95% relative abundance) and [Ag( H L)] + (100% relative abundance). The origin of the relatively high abundance of monomeric monocations and decreasing abundance of higher-order monocations is most likely the result of the overall equilibrium constant of eqs 1-4 . It is also noteworthy that the mass spectrum of 2b, 3b, or 4b is devoid of peaks for disilver or other higher-order fragments. So, the equilibrium constant for eq 3 must again be relatively large.
Reactivity
The synthetic utility of the silver complexes as ligand delivery agents was demonstrated first via the preparation of tricarbonylmanganese(I) complexes (Scheme 4). The reactions between any of 1a, 2a, 3a, or 4a and Mn(CO)5Br in refluxing CH3CN for 3 h gave high yields of 5, 6, 7, or 8 as appropriate. Given the high yields and availability of silver complexes, no attempt was made to further improve the syntheses of 5-8 by performing the reaction in one pot (i.e., starting from free ligand, Mn(CO)5Br, and AgOTf), although this may be a useful route. Complexes 5-8 are slightly light-sensitive yellow solids that are soluble in many organic solvents except hydrocarbons and Et2O. Solutions of the complexes are noticeably more lightsensitive than the solids. So, solution characterization data were obtained only for freshly prepared solutions and with precautions to exclude light vide infra. The IR spectra of 5-8 (Table 5) give characteristic bands for the fac-Mn(CO)3 moiety. That is, one sharp, higherenergy band and one broad, lower-energy band are found in the spectra of the solids. In CH2Cl2 solutions, the broad band is split to give three resolved bands in the cases of 5-7; the local symmetry about manganese in 8 is probably high enough (C3v) that the nominal E stretching mode is not split. The larger band broadening in the solids compared to solution likely does not allow resolution of any splitting in the broader band in this state. Also, as usual, the (weighted) average energies of the CO stretching frequencies in the solid are 10-20 cm -1 lower than those in solution. In either medium, complexes 5 and 7, with 3,5-dimethylpyrazolyl donors, exhibit lower average CO stretching frequencies than 6 and 8 with unsubstituted pyrazolyls because the ligands in the former are stronger donors than those in the latter and increase the back-bonding capabilities of the manganese(I) center to the carbonyl. These findings are in agreement with those previously reported for [(HC(pz R3,R5 )3)Mn(CO)3](O3SCF3) (R = H, Me) (in CH2Cl2). (25) In the current complexes, the replacement of a tosyl group with a hydrogen has a marginal impact on the average CO stretching frequencies in a CH2Cl2 solution. The fac coordination mode was verified by X-ray diffraction for 6 and 8 ( Figure 8 and Table 6 ).
In each, the ligands exhibit κ 3 N coordination to the metal center. In 6, there are two independent cations in the asymmetric unit. In each, the Mn-N bond involving the tosyl pyrazolyl (avg 2.140 Å) is significantly longer than the other two Mn-N bonds (averaging 2.057 Å). The overall average Mn-N distance of 2.085 Å is longer than 2.07 Å found in [HC(3-iPrpz)3)Mn(CO)3](O3SCF3) (25) and 2.040 Å in [(PhCpz2py)Mn(CO)3](O3SCF3). (56) The disparity in the Mn-N distances also leads to a dichotomy in the Mn-C distances, where the Mn-C bond trans to the tosyl pyrazolyl (avg 1.805 Å) is shorter than the other two Mn-C bonds (avg 1.821 Å). There is no significant discrepancy in the C-O bond distances, which average at 1.141(3) Å. In 8, the average Mn-N bond distance of 2.052 Å is shorter than that found for 6, and the distances are more uniform, as might be expected after considering the relative steric demands of the "confused" pyrazolyls in each complex. The triflate anions in 6 and 8 are affixed to the cations via short CH···O (cyan dotted lines; Figure 8 ) and CH···F (green dotted lines; Figure 8 ) interactions and, in the case of 8, NH···O weak hydrogen bonding (not shown) and serve to organize the three-dimensional supramolecular structure, as is more fully described in the Supporting Information. (25) The electronic absorption spectrum of each of 5-8 consists of a medium-intensity (ε ∼ 2500 M -1 cm -1 ), lowenergy metal-to-ligand charge-transfer (MLCT) band (dMn-π*CO) with λmax near 360 nm that trails into the violet, which is responsible for the yellow color of the complexes. The intraligand transitions are found at higher energy. The light sensitivity of the complexes is likely due to the known photoactivated CO-releasing properties of [(HCpz3)Mn(CO)3] + and related complexes (thereby removing the chromophore). (57) This property is outside the scope of the current work, so it was not investigated further here.
The use of silver complexes as stoichiometric ligand delivery agents was also demonstrated in the preparation of the iron(II) complex 9 by two routes (Scheme 5). First, the metathesis reaction between a MeOH solution of 4a (2 equiv) and an aqueous solution of FeCl2 (1 equiv) gave a high yield of pure 9 after the simple removal of AgCl by filtration and solvent under vacuum. Alternatively, a lower yield of 9 was obtained by the redox reaction between 2 equiv of 4a and the iron metal in CH3CN. The lower yield of this latter route was a result of both incomplete reaction and difficulties associated with separating 9 from residual 4a by fractional crystallization. It is noted that the direct reaction between 2 equiv of ligand and commercial Fe(OTf)2 to give 9 gave a lower yield than the metathetical route because of issues with the solubility of the reagents, as well as the difficulties in separating the product from an unidentified yellow intermediate. Thus, the alternative routes to 9 proved useful when unexpected difficulties occurred in the direct reaction and could be useful in the future with certain cases where a metal triflate salt is not readily available or is more expensive than a metal halide or elemental metal (cobalt, for instance). Vapor diffusion of Et2O into a MeOH solution of 9 gave crystals suitable for X-ray diffraction.
The structure of 9 obtained at 100 K is given in Figure 9 . The complex crystallizes as a cis isomer in the P2/c space group, where iron resides on a C2 crystallographic axis that bisects the "confused" pyrazolyls through the iron, giving only three inequivalent Fe-N bonds in the FeN6 kernel. The Fe1-N2 bond of the "confused" pyrazolyl of 1.941(3) Å is shorter than the similar bonds of the other two pyrazolyls (Fe1-N11 = 1.978(3) Å and Fe1-N21 = 1.983(3) Å), and all are consistent with low-spin rather than high-spin iron(II). The triflate counterions are affixed to the dication via charge-assisted weak hydrogen bonding with the confused pyrazolyl (N1-H1n···O3, 2.025 Å, 176°). Further weak CH···O interactions between the triflate oxygen and acidic (methine and pyrazolyl) hydrogen atoms of neighboring dications serve to organize the three-dimensional supramolecular structure, as detailed in Figure S12 . Figure 9 . Structure of 9 with most hydrogen atoms removed for clarity.
Although complex 9 is pink, a color characteristic of low-spin iron(II), it is slightly paramagnetic at room temperature. Crystalline or powder samples reversibly change between pink and colorless upon cycling between heating to 150 °C and then cooling to room temperature. This behavior is similar to that of [Fe( H L)2](BF4)2 (10), a compound that showed a gradual (from S = 0 to 2) spin transition with T1/2 near 360 K (beginning at ca. 275 K and is only 80% complete at 400 K). (31) The solid-state magnetic behavior of 9 ( Figure 10 ) shows a spin transition T1/2 near 365 K, but the spin-crossover (SCO) is more abrupt than that in 10. The SCO in 9 begins at ca. 330 K and reaches ca. 95% completion at 400 K. Weak charge-assisted hydrogen bonding organizes the solid-state structure in each 9 and 10. Clearly, the abruptness of the χMT versus T curve in the 300-400 K range indicates that the NH···O and CH···O interactions in 9 are stronger that the NH···F and CH···F interactions in 10, as might be expected. It is also noteworthy that solutions of 9 are also slightly paramagnetic despite being pink. The solution magnetic moment of 2.0 μB (Evan's method) for 9 in CD3OD at 295 K is indicative of a significant fraction of high-spin iron(II) and is similar to the solid-state magnetic moment at 295 K. The electronic absorption spectrum shows characteristic bands for d-d transitions, MLCT bands of low-spin iron, and a very weak feature in the near-IR (ca. 9000 cm -1 ) for the weak dd transition for high-spin iron(II). 
Nitrene-Transfer Catalysis
The ability for the new silver complexes to catalyze nitrene transfer at 2 mol % loading was probed by the reaction between styrene, N-tosylamine, and a commercial hypervalent iodine reagent, PhI(OAc)2, in CH3CN. Table 7 summarizes the results of these initial investigations.
Surprisingly, the best-performing catalyst of those tested was 1b followed by 1a ≈ 2a and then 3a. The other new silver complexes performed similarly to control experiments that show activated molecular sieves alone have some activity under these conditions (16 h at 80 °C). It is noted that the aziridination reactions did not proceed either at room temperature, in CH2Cl2, or even when using preformed PhI═NTs (as in other silver-catalyzed aziridination reactions). For those complexes that successfully catalyzed the aziridination of styrene, the use of strictly anhydrous silver triflate (for in situ reactions) or oven-dried samples of preformed complexes was crucial for ensuring both reproducibility and maximum activity (as reported in other cases). Interestingly, in the reactions where catalysis was successful, a small amount (1-2%) of a statistical diastereomeric mixture of 2,4-diphenyl-N-tosylpyrrolidine (B; see Table 7 ) was also identified [by 1 H NMR and ESI(+) MS; see Figures S17 and S18]. This side product, B, is a result of [3 + 2] cycloaddition between styrene and 2-phenyl-N-tosylaziridine (A). While this particular transformation has been reported to be catalyzed by manganese(III) tetraphenylporphyrin, (36) to our knowledge, it has never previously been effected by a silver(I) complex. However, [3 + 2] cycloadditions between aziridines and either alkynes, (58) aldehydes, (59) or naphthols (60) are known to be catalyzed (or promoted) by AgSbF6 or AgOTf. Control reactions on the NMR scale showed that heating a mixture of styrene and aziridine did not lead to any productive transformation (other than the slow formation of polystyrene). The addition of 1a also did not give pyrrolidine (B). Clearly, the presence of the byproduct requires the oxidant and heating at 80 °C. The higher activity of 1b versus 1a in aziridination is rather surprising, considering the relative reactivity of the remaining complexes that favor complexes with 1:1 rather than 2:1 ligand/metal ratios. It can be speculated that both [AgL] + and [AgL2] + may catalyze the reactions (and both exist in solution via eqs 1-4 ), but the larger steric requirements of Ts L* decrease the likelihood for the diligated species to adopt a six-coordinate (and presumably catalytically inactive) silver center in solution. Future experimental and computational efforts will be directed toward determining the mechanism of catalysis and whether altering ligand sterics or electronics can give silver C-scorpionate catalysts that are more competitive with the AgTp x or other silver catalysts for aziridination reactions. 
Conclusions
Two new N-confused C-scorpionate ligands with 3,5-dimethylpyrazolyl "pincers" and either an N-tosyl ( Ts L*) or an N-H ( H L*) "stinger" have been prepared in high yield. Together with the previously known, less bulky derivatives, a complete set of four nitrogen-confused scorpionate ligands with a wide range of steric profiles is now available for coordination chemistry studies. It was possible to structurally characterize the complete set of eight silver complexes that had both 1:1 and 2:1 L/Ag ratios. In the solid state, the 2:1 complexes had four-coordinate silver by binding only the pincers; the confused scorpionate stinger was not bound. This is a remarkable finding in light of the structures of the [Ag(Tpm x )2] + complexes that showed only six-coordinate sandwich structures and of theoretical studies that showed a barrierless transition from κ 2 -Tpm to κ 3 -Tpm complexation. Steric bulk and electronic effects may both favor the formation of fourcoordinate complexes of the N-tosylated ligands, while stabilization through hydrogen-bonding interactions in the solid state may play an integral role for [Ag( H L*)2] + and [Ag( H L)2] + . In 1:1 complexes, the bulkiest derivative, Ts L*, gave a monomeric species, the least bulky derivative, H L, gave a polymeric species and the other two ligands of medium steric profiles gave dimeric complexes in the solid state. The 1 H NMR, DOSY NMR, and ESI(+) MS spectral studies indicate that the solid-state structures are not preserved in solution. Rather, all have dynamic solution behavior and are involved in multiple rapid equilibria. The labile nature of silver(I) complexes is expected and allows for the use of silver(I) complexes as effective ligand delivery agents. This property was demonstrated by the preparation of tricarbonylmanganese(I) complexes and 9, a complex with SCO properties. Also, for the first time, the use of silver(I) Cscorpionates as nitrene-transfer catalysts has been demonstrated by the aziridination of styrene in CH3CN using H2NTs and PhI(OAc)2 as oxidants. The activity of these species is low especially compared to those reported for AgTp x complexes probably because of the more complex solution behavior of the former, including the possibility for coordination to ions.
